Introduction
When a compact Lie group acts differentiably on smooth manifolds, various results have been known concerning the characteristic numbers of the manifolds. The most frequently used tool is AtiyahSinger Lefschetz formula [2] . However, several approaches have been made to obtain similar results by geometric methods. Hattori and Taniguchi [6] investigated the cobordism groups of oriented or weakly almost complex manifolds with S 1 -actions and recovered Kosniowski formula [8] and Atiyah-Singer formula [2] . But as for Spinmanifolds, no cobordism theoretic interpretation of Atiyah-Hirzebruch theorem [3] has been known so far. In this paper we consider Spin c -manifolds with semi-free S 1 -actions.
By purely geometric methods, we obtain Todd genus formula which relates the Todd genus of the manifold and the local behaviour of the S 1 -action around the fixed point sets. A similar formula has been given by Petrie [9] using Atiyah-Singer Lefschetz formula and the Dirac operator. As applications of our Todd genus formula, we can prove the results of Kosniowski [8] and Atiyah-Hirzebruch [3] in the semi-free case. §1. Equivariant Characteristic Classes Let M" be an oriented closed smooth manifold of dimension n. to-one correspondence with the Spin c -structures in our sense (see e.g.
[10]), there will arise no confusion.
Let G be a compact Lie group acting effectively and differentiably on M from the left. We may assume that the Riemannian metric on M is G-invariant by the usual averaging process and then G induces a bundle map action on F M . That is, there exists a left action of G on F M which commutes with the right principal SO(n)-action and the G-action is compatible with the G-action on M shown by the commutativity of the diagram below.
If, in addition, M has a Spin c -structure P M and G acts on P M commuting with the right principal Spin c (/i)-action compatibly with the reduction P M -»F M , we say that G acts on M preserving the Spin c -structure or that G acts on (M, P M ). [5] .
If p: P-*X is a right principal Spin c (ra)-bundle over a space X, it is well known that it determines an element o)(P) in H 2 (X; Z) whose reduction modulo 2 is the second Stiefel-Whitney class of P. This class is usually called the "cvclass" of the Spin c (n)-bundle 5 but we shall call it co-class instead.
Let X be a space with a left action of a compact Lie group G and EG-+BG be a universal right principal G-bundle. We define X G = EG x G X to be the orbit space of EG x X under the left G-action g(e, x) = (eg" 1 9 gx). The orbit space G\X of a left G-space X is denoted by X. ii) V is a linear disk bundle over the manifold X with projection p: V-*X. The dimension of the fibers may vary over connected components of X.
Hi) cp is a semi-free S 1 -action on V which preserves the Spin c -
iv) The fixed point set of </> equals exactly X.
v) The S 1 -action defines linear bundle automorphisms of K ,, forms an abclian semi-group under disjoint union. We introduce a natural cobordism relation in 3$ n . Let B n be the set of equivalence classes of 38 n under this relation. Then B n becomes an abelian group. Henceforth we put m £ = (/ f --^)/2 in the remainder of this paper. Using this lemma, we can clarify the structure of Spin c -manifolds with semi-free S 1 -actions. Remark: It seems wothwhile noting that in the Spin case each term T(Ki) vanishes if the action is semi-free.
Next we shall consider semi-free S 1 -actions on almost complex manifolds. Let M n be an almost complex manifold and suppose that we are given a semi-free S 1 -action on M n which preserves the almost complex structure U M whose structure group is U(p) where 2p = n. Then the normal bundle of each fixed point set component X t has a decomposition v t = vf®vl of complex vector bundles where gES 1 eC acts on vf (resp. vj") as the multiplication of the complex number g (resp. g~1}. Then, if we put df = dim c vf and df = dim c v; 
